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Preface
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Guide is included along with a diskette which contains the executable program
code. The computer program described herein is the result of developments
during the course of numerous projects and studies performed over the past few
years for a variety of sponsors. Development of this report was funded by
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GS-R), US Army Engineer Waterways Experiment Station (WES) was the Principal
Investigator. Mr. Lewis A. Gustafson (CECW-EG) was the Technical Monitor for
this study. Publication of this report was funded by the Computer Applica-
tions in Geotechnical Engineering (CAGE) project that is sponsored by the
Headquarters, US Army Corps of Engineers. Mr. Earl V. Edris, Jr. (CEWES-GS-S)
WES, is the CAGE Principal Investigator. The USACE CAGE Technical Monitor is
Mr. Art Walz (CECW-EG).

This report was prepared by Mr. John B. Palmerton (CEWES-GS-R) under the
direct supervision of Mr. Jerry S. Huie, Chief, Rock Mechanics Branch, and
under the general supervision of Dr. Don C. Banks, Chief, Soil and Rock
Mechanics Division (S&RMD), and Dr. William F. Marcuson III, Director,
Geotechnical Laboratory (GL), WES.
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McCON - A GENERAL CONTOURING PROGRAM FOR PERSONAL COMPUTERS

Introduction

1. The need to prepare contour maps and profiles along cross-sections
often arises during the course of engineering and geologic investigations.
Although topographic applications are the most widely known, contour maps and
plots are prevalent for stress analysis, groundwater analysis, and for almost
any type of data for which trends are to be examined, estimated, or predicted.
Over the past twenty years, numerous computer programs unave been developed on
numerous electronic platforms to aid in the preparation of contour maps. The
user of any of the various programs (including the one described herein) is
cautioned to be aware of the application for which the program was written and
to be aware of the methods employed to estimate the contourable values in the
vicinity of the given data sets. The recent advent of high quality graphics
capabilities on personal computers and workstations has resulted in the
availability of a large number of contouring programs at reasonable cost from
a variety of suppliers. The program McCON was developed such that the "raw"
data could be obtained either from self-prepared data files or from data files
commonly produced by other computerized applications. It was also developed
to permit the inclusion of zones across which the data is discontinuous and to
permit the preparation of profiles along cross-sections at any orientation.

2. McCON is a general purpose contouring program which executes rapidly
on IBM compatible personal computers. The minimal data needed to execute the
program is a free field data file of the location coordinates (x,y) and the
contour values (z) of the data points. As configured, the program will accept
up to 999 data (x,y,z) triplets. The data points do not need to follow any
regular spacing. Negative values of x,y, or z are permitted and the (x,y)
coordinates may have an arbitrary range of values. The coordinate ranges are
internally examined and scaled to yield a contour plot which fills the video
sCreen.

3. Various Options are provided by McCON:

é&. A noncontoured subregion (i.e., an area within which the user
does not wish contour lines to be drawn) may be specified provided
that this region is of a convex shape.

b. Contouring may be restricted to be entirely contained within a




given convex subregion.

c. Contouring of areas having physical boundaries that are not
convex may be prepared by subdividing the overall area into convex
"composite" regions.

d. Internal boundaries across which contours are discontinuous
(e.g., geologic fault lines, seepage barriers, etc.) may be includ-
ed.

e. "Templates" (sets of isolated or connected lines) to be drawn
onto the contour plot to enhance the artwork of the drawing are
included.

f. Profiles, or cross-sections, along any plan orientacion may be
created and separately plotted.

4. McCON requires 590K of RAM memory for the executable program. The
source larguage is Microsoft (R) FORTRAN. MicroGCS (the graphics compatibili-
ty system developed by the US Army Corps of Engineers) is used to support the
graphics. All calls to subroutines beginning with the letter "U" in the
accompanying source listing (Appendix B) are MicroGCS subroutines. The
graphical output may also (by option) be sent to a variety of pen-type flatbed
plotters via routines provided by MicroGCS.

5. The program generates nonintersecting triangles which connect each
and every data (node) point. Triangle generation ceases when all of the node
points are connected to at least one triangle and the resulting mesh of
triangles encompasses all of the node points in a convex fashion (i.e., the
outer edges of the triangle mesh form a convex shape). The resulting mesh
will contain no areas that are not included within a triangle (i.e., the mesh
will contain no "holes"). A scheme was developed to create the mesh in a one-
pass “"spawning" process; therefore, as each triangle is created, sufficient
information exists to immediately draw the contours within the new triangle.
Because of this one-pass triangle generation process, the execution time is
quite rapid. Typically, a set of 100 nodes (on an 82386 machine with math co-
processor and EGA card) will require approximately 10 sec to generate the
triangle mesh; a set of 400 nodes, 56 sec; and 900 nodes, 165 sec. The time
devoted to contour line drawing is dependent upon the resulting number of
contour lines to be drawn. A relatively heavy set of contour lines may
require 30-45 sec of execution time for the contours to be drawn on the

screen,; however, the execution time is not significantly related to the




complexity of the contours nor to the spatial distribution of the nodes.
Considerably more time for drawing is required if the output is sent to a
plotter.

6. The contour lines are drawn as a series of connecting straight line
segments and circular segments. This combination gives an aesthetically

pleasing appearance to the resulting contour plot.

Uniqueness of Contours

7. The process of defining the locus of points of equal contour value
(the contour line) is always dependent upon the manner in which the desired
contour values are established (i.e., interpolated) between the given data
points. Figure 1 shows two differing manual interpretations as regards
contouring the elevations given at 4 points. Figure la shows the result
obtained by interpolating the elevation data along the right descending dashed
line; whereas Figure 1lb is the result of interpolation along a right ascending
line. It is obvious that the two schemes give radically different interpreta-
tions.

8. However, neither interpretation for establishing triangles is
inherently superior. In this case, more data are required to properly estab-
lish the character (or trend) of the contours. If it were established that
the elevation at the mid-point was equal to 40, then the interpretation shown
in Figure la would be proper. Figure lb would be applicable if the mid-point
elevation was equal to 65. Resorting to polynomial, power, or spline fits
does not necessarily improve the interpretation; each technique would only
lead to a different estimate. All contouring techniques rely on estimating
the behavior of the contourable value within the neighborhood of a few
(typically 3 or 4) given field values. Within that neighborhood, many
interpretive schemes are possible. However each scheme implies a knowledge of
the character of the "landform." The interpolation scheme used for McCON is
quite similar to the manual interpolation methods discussed above (i.e., a
linear interpolation of the contour value gradient from node to node along
triangle edges). The way and order in which the triangles are generated may
influence the contour plot. In any case, one interpretation is as proper as

any other in light of the lack of other data. There is no good reason to
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Result obtained by inter- b. Result of interpolation
polating elevation data along a different line
along dashed lines

Figure 1. Converting elevations to contours

state that an alternate interpretation is better unless additional information

is known.

Mesh Generation

The scheme to generate the triangle mesh is summarized as follows:
a. Create a single "seed" triangle from any three suitable node
points (i.e., the seed triangle must not contain any other node
points within its boundaries).

b. Spawn additional triangles from each edge of the seed triangle
such that the spawning and the spawned triangle share the common
edge. The criteria for determining which node point to use to
create the new triangle are given below.

¢. In the order in which they were created, use the previously
spawned triangles to spawn new triangles. After each triangle is
spawned, all of the previously spawned triangles are examined to see
if the new triangle is sharing an edge other than the edge of the
parent triangle. Each newly spawned triangle will, at most, form
two new edges (the third edge is already shared with its parent)
from which to subsequently spawn additional triangles. The new
triangle may furnish only one (or no) new edge for further spawning

since the new triangle may also share edges with previously
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generated triangles. As triangles are spawned, a spawning sequence

number is assigned. Triangles may be spawned only from edges that

are not already shared by two triangles.

d. Step ¢ is repeated until after some spawn (which will be the

last spawn) it is detected that the order-of-sequence number of the

spawning triangle is equal to the total number of generated trian-

gles. When this occurs, the mesh of generated triangles will

connect and encompass all of the node points. The result will be a

triangle mesh with its outer edges forming a convex shape. Spawning

will continue as long as the order-of-sequence number of the spawn-

ing triangle is less than the number of generated triangles.

10. Figure 2 shows the order in which the 10 triangles connecting the 9
node points were spawned. Triangle 1 (the seed triangle) spawned triangles 2,
3, and 4. Triangle 2 spawned triangles 5 and 6. Triangle 3 spawned triangles
7 and 8. (Triangle 7 also shares another of its edges with the by then
existing triangle 4.) Triangle 4 only spawned triangle 9 since triangle 7 had
already been spawned by triangle 3. Triangle 5 spawned triangle 10. Trian-
gles 6, 7, 8, 9, and 10 spawned nothing. The outer edge of the mesh (de-
scribed by node points 2, 6, 8, 7, 9, and 4) is convex.
11. All triangles (except the seed triangle) are spawned by an edge of

a parent triangle. The parent triangle provides two vertices for the next
formed triangle. There are three criteria to decide which node to select as

the third vertex of the new triangle.

CRITERION A. Every node point which lies on the side of the spawning
edge which is opposite to the side containing the remaining vertex of

the spawning triangle becomes a candidate node.

This criterion prevents new triangles from intersecting (overlapping) their
parent. As triangles are formed, the node point numbers of the vertices of
the trian.le are stored in an ordered array. This array is ordered such that
the vertices are listed in a counterclockwise fashion about the triangle. For
example, referring to Figure 2, the vertex :(ray for triangle 1 must be
{3,1,5} (or {1,5,3} or {5,3,1}) since these numbers go counterclockwise about
the triangle. Similarly, triangle 8 is described as (5,4,9} or {9,5,4} or
{4,9,5}). The formula for the area, A, of a triangle in terms of its vertex

coordinates is:




A= [ X1 (Y2-ya) + Xz (¥3-¥1) + X3 (Y1-Y2) | / 2
or symbolically, (1)

A = Area(l1,2,3)

where x, and y, are the coordinates of vertex 1, etc. This formula yields a
positive value if the points 1,2,3 are ordered in a counterclockwise sense
about the triangle and a negative value if ordered clockwise. Therefore,
knowing the fashion in which the spawning edge is ordered (say 3,5 for
triangle 1) only those nodes which yield a positive (counterclockwise) area
(i.e. Area (3,5,6), Area (3,5,8), or Area (3,5,7)) are on the proper side of
spawning edge 3,5. All other nodes lie on the same side of the spawning line
as the spawning triangles remaining vertex (node 1) and the application of the
area formula gives negative or zero areas for these nodes. Equation 1 is
applied often during the course of mesh generation. A mesh formed by 250
nodes typically will require over 60,000 area calculations; 999 nodes, over
225,000 calculations.

12. For each node point, if any, that passes Criterion A, the following

criterion must be met.

CRITERION B. The angle at the vertex of the "trial” new triangle which
is opposite the spawning edge must be the largest angle formed by the
set of candidate nodes from Criterion A. (Provided that the candidate

node also passes Criterion C below.)

This criterion will ensure that no other node points may lie within the new
triangle. Referring to Figure 2, presume that triangle 1 is attempting to
spawn a triangle from edge 3,5. In order, the candidate nodes would be 6,7,
and 8. (Node 9 is rejected since Area (3,5,9) is zero.) Node point 8
supplies the largest vertex angle. If it is imagined that some additional
node point lies within triangle 2, it is obvious (for either acute or obtuse
triangles) that the imaginary point subtends a larger angle than the angle 3-

8-5 and, as such, would be a better choice to spawn a triangle.

CRITERION C. Reject all candidate nodes that yield a negative (clock-
wise) area (per the formula given in Criterion A) when associated with
any line previously emanating from the first end of the spawning edge

and reject those candidate nodes which yield a positive area when




associated with any line emanating from the second end of the spawning

edge.
The area formula (Equation 1) is applied such that X;,y; is the coordinate of
the spawning edge endpoint under consideration, x,,y, is the coordinate of the
node point at the end of the line(s) emanating from the end of the spawning
edge, and x;,y; is the coordinate of the candidate node point. For the
purposes of applying this criterion, it is only necessary to perform checks on
lines which emanate above the horizon of the spawning edge. The purpose of
this criterion is to ensure that no triangles intersect each other.

13. To illustrate Criterion C, examine the conditions shown in Fig-
ure 3. Suppose that the triangles shown by the solid lines were created in

some proper fashion and that the calculations have proceeded to the point

8
& a
7
3 ]
/
"4
Figure 2. Spawning triangles Figure 3. Criterion C illustration

where side 1-2 of triangle P is attempting to spawn. According to Criterion
the 1-2 "horizon" (i.e., Area (2,1,?) is positive for all labeled nodes except
f). By inspection, it is seen that only choices a,e, or g would result in a
non-intersecting new triangle. However, applying Criterion B, the maximum
apex angle would occur for node c¢ (and the next best angle at node b).
Criterion C will reject the candidacy of nodes b,c, and d because they form
clockwise ordered triangles with the line emanating from node 1 to node a.

That is, Area (l,a,b), Area (l,a,c), and Area (l,a,d) are all ordered




clockwise. Nodes g and e are not rejected since Area (l,a,g) and Area (l,a,e)
are ordered counterclockwise. Area (l,a2,a) yields an area of zero (which, for
the purposes of Criterion C, is non-negative) and is retained as a candidate
node. For the example shown, the line emanating from the opposite end of the
spawning edge, line 2-g does not cause any rejections because all node points
under consideration give clockwise triangles in accordance with the second
half of Criterion C. Therefore, node a (which yields the maximum vertex
angle) will become the correct choice to spawn a new triangle. During the
course of the calculations a linked list of all of the node points which are
connected (via an edge of a triangle) to a given node is maintained. This
list provides the means for applying Criterion C.

14. The node point which passes all of the criteria (and there is at
most one node that can pass) is used to form a new triangle. In the event
that no node passes the criteria, no triangle is spawned from the edge under
consideration and the calculations proceed to the next edge to be considered.
Since Criterion B guarantees that no nodes may be trapped within a triangle,
then each node must be used to form at least one triangle simply because all
nodes must lie outside at least one of the edges of every triangle (except the
nodes which form that given triangle). Therefore, the spawning process cannot
stop until all nodes have been used. The completed mesh of triangles must
form a unique convex shape about all of the nodes since this is the only shape
for which no other nodes will be available for spawning. Voids, or interior
areas not included within a triangle, are not possible since the void would be
adjacent to two or more triangles with unshared edges. During the spawning
process these edges would have had an opportunity to spawn. The criteria for
spawning require that the spawning edge always spawns unless no node exists

outside of that edge or if the spawn would result in an intersecting triangle.

Data Input Enhancements

15. McCON provides several means to "massage” the input data. (Appen-
dix A gives a more complete discussion of the capabilities for data enhance-
ment.) In general, the input data file may consist of up to 20 columns of
data values. The user identifies the columns which contain the x and y
coordinates and the z (contourable) value. The 2z value may be the sum or

difference of any of the columns of the data file. Therefore, a data file may
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contain sufficient information to yield many contour plots.

16.

The data input activity of McCON permits the user to identify the

elements of the original input data file and to enhance the data in the

following ways:

The last th
smoothing o
may result.

computed by

where 2; =

1]

Equation 2

assigned.

a. "As is." Contouring of the original data points will take
place without any data smoothing and without any "border" data
point creation.

b. "Original points with boundary." Additional data points are

created which form a rectangular boundary around the original
points. The contourable values (elevations) of the boundary
points are computed by Equation 2 (given below).
¢. "Grid points with or without apron." A grid which overlays
the original data points is created. The contourable values
(elevations) of the grid points are computed by Equation 2 (given
below). The original data points are optionally superimposed on
the grid points.
d. "Triple triangle refinement." Following the generation of a
mesh of triangles, an option will subdivide each "old" mesh trian-
gle into three sub-triangles. The contourable value (elevation) at
the added point, (mid-point of the old triangle), may be computed
by Equation 2 or by linear interpolation.
ree data enhancements listed above will generally result in a
f the contour plots; however, increased contour lines "waviness"

The contourable values (elevations) at "created" points are

the following equation for inverse power distance averaging:

Jj J
Z; = E (z;/(d; )91 / E (1/(d; ;)9 foralld;;+ 0
1 i
(2)
Z, = Z for any d; ; = 0

the elevation at the created point(s) 1,
the elevations at the given original points, j,
the distance between point i and j,

an exponent to be chosen (usually 2).

will give a distance weighted average for the elevations to be

Gridding, which always requires inverse power distance averaging,

11




will generally result in contour lines that are more circular in shape than
"as is" contours and which often isolate local highs and lows with closed
contours. An excessive number of grid points may result in undue contour line
waviness. If no gridding is used, the contours generally exhibit more linear
trends. "Triple triangle refinement” provides the only method for input data
enhancement for "as is" contouring. Again, inverse power distance averaging
for "triple triangles"™ may result in many closed contours (isolation of local
highs and lows). Linear averaging for "triple triangles" is generally
recommended.

17. The results from various data input manipulations are shown in
Figure 4. The location and contourable value (elevation) of 32 nodes is shown
in Figure 4a. The "as is" contour plot is shown in Figure 4b. The results of
"gridding” the data and not including the "original" data points are shown in
Figure 4c. Notice that the contours are more circular. When the original
data points for "gridded” data are honored, the results are shown in Fig-

ure 4d. "Triple triangle" plots are shown in Figure 4e and in Figure 4f.

Contour Drawing

18. Since the spawning process outlined above is a single-pass process,

the contour lines can be drawn as the triangles are spawned. Figure 5 shows a
triangle being spawned. The numbers at the nodes represent contourable value
(or elevation). Presume that it is required to draw the 10 and 20 contours.
Regardless of the particular values of the elevations at the nodes surrounding
any triangle, any given elevation for which a line is to be drawn either does
not intersect the triangle at all or it intersects two sides of the triangle.
(The special case where two nodes of the triangle have equal values results in
the contour line being that triangle’s edge.) The contour lines are drawn as
follows as the triangles are spawned.

a. In the order of all contour lines to be drawn, determine

whether the line will pass between the ends of the shared edge (as

do the 10 and 20 contour lines). If not, do not draw lines; if so,

go to the next step.

b. Compute (by linear interpolation) the locations where the
contour line intersects the shared edge and also where it inter-

sects the second edge of both the spawning and the spawned

12
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Figure 4.  Contours resulting from various input data enhancements
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Spawnin
Triangle 3

Figure 5. Drawing sharp-cornered contours

triangles. Mathematically construct two lines connecting these
points. Then compute the location of the mid-point (designated by
the "+" symbols in Figure 5) of each line in each triangle. 1If

the contour line is to be drawn with "sharp” corners, the two lines
going from the mid-points to the shared edge are the contour lines
to be drawn on the screen (or plotter). The other "half" of the
contour line will not be drawn until a triangle is spawned sharing
the now "unshared" edge. The reason for leaving half of the
triangle unfinished is to accommodate the introduction of circular
contour line segments which will smooth the contour lines. In the
event that an unfinished side does not share an edge, (as would be
the case for all triangles adjacent to the outer convex edge of the
mesh) the program will, after all spawning is complete, seek all
triangle edges that are unshared and finish drawing the contour
lines out to the mesh boundary.

19. Circular segments (usually desired) for the contour lines are drawn
in the vicinity of the shared edge. Figure 6 shows a detail of the 10 contour
line. The points o, a, and b are the same points as shown in Figure 5. All
circular segments are constructed by calculating the radius and center
coordinates of the circle S that will be tangent to the lines oa and ob at a
distance of q from the point o. The program initializes g to a value of 25
screen units (the width of the entire contour plotting area is 1040 screen
units) and does not permit the value of g to exceed 25 screen units. The
variable g is reduced to d (where d is the length of the shorter of oa or ob)
if d is less than 25 screen units. The distance g is also reduced sufficient-
ly to assure that the circle to be drawn crosses the shared edge. Figure 7

illustrates a situation where the contour line would, without a reduction of

14




Contour Line

Circular Segment Not Crossing
Shared Edge

Shared Edge

Figure 6. Circularly segmented Figure 7. Nonpermitted
contours. circular segment.

g, not cross the shared line. It is necessary to ensure that all contour
lines are drawn entirely within the two triangles under consideration;

otherwise, problems with crossing contour lines could arise.

Noncontoured Region

20. At times, it is desirable NOT to draw contours within some finite
area on the contour plot. For example, the region beneath a building is
generally not contoured in conjunction with the surrounding area. McCON
allows the user to exclude from contouring a single internal convex area. As
previously stated, the program generates triangles that always completely
encompass the range of data points without "holes.” The triangle generation
ceases only when the convex set of triangles connecting the exterior nodes is
accomplished. The ability to create a noncontoured region requires a two-step
spawning process. The user must specify which nodes form the outline of the
noncontoured region. (Those nodes should specify an internal convex region.
If the specified nodes do not form a convex set, the program will create a
convex region defined by those points that may not conform to the user's
wishes.) The first stage of the triangle generation process uses only those
specified nodes to create a mesh. The result of this stage will be a convex
mesh that has an external boundary coincident with the convex set formed by
the specified nodes. A list of the edges of the triangles which form the
convex outer shell of the noncontoured region is maintained (i.e., a list of
edges that are not shared) for later use. No contour line drawing is done
during this stage. Stage two is accomplished by allowing all of the remaining
nodes to be used for spawning additional triangles. The spawning is renewed

by beginning with the first triangle (the seed triangle) created at stage one
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and stepping through each triangle in order of its creation. No new triangles
will be spawned until a triangle with an unshared edge is reached (i.e. the
triangles along the noncontoured boundary). The new triangles (which will all
be outside the convex shell from stage one) will then spawn other triangles to
er.compass all of the nodes. Contour lines are drawn during stage two.
Following the spawning of all the triangles, edge contours are drawn within
triangles having an unshared edge. The unshared edges exist for all triangles
along the second stage outer convex shell and the convex shell from stage one.

21. The user must specify the nodes that describe the noncontoured
region. Regardless of the location of the specified nodes, a first stage
convex shell will be formed which is composed of only these nodes. Referring
to Figure 8, suppose the noncontoured region is specified by nodes 5,6,2,9,
and 7. (These nodes were identified during the course of program execution by
repeatedly positioning the screen "cursor” in the vicinity of each specified
node on the noncontoured boundary.) Stage one mesh generation will form
triangles using only the nrd:s specified as describing the noncontoured region
plus any nodes lying on the lines which connect the specified nodes (e.g.,
node 8 lies on line 7-5).

22. The specification of a noncontoured region will not yield the same
result as simply not drawing (or erasing) the contour lines that would other-
wise be within the region. The data points within the noncontoured region are
not used for any purpose; therefore, they are not used to form mesh triangles
or for contour interpolation.

23. An example of a contour plot with a noncontoured region is shown in

Figure 9. Six points were required to define the region.
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Using Successive Shells to Improve Efficiency

24, McCON was originally written for mainframe processing. After the
program was installed on a personal computer, it was found that excessive
execution time occurred for problems with large numbers of nodes. For
example, approximately 30 min (1800 sec) was required to generate a mesh for
400 nodes. This execution time was reduced to 56 sec by using the successive
shell procedure to be discussed. The reason for the excessive execution time
was the application of the three criteria to choose which node to use when
spawning triangles. As each triangle is spawned, all nodes must be evaluated
as candidates for each new triangle. This will cause the execution time to
increase as the square of the number of nodes. In addition, following each
successful spawn, it is necessary to check each and every previous triangle to
see if the new triangle is sharing an edge other than the edge of the parent
triangle. The time for this check also increases as the square of the number
of generated triangles. Therefore, a procedure to reduce the number of nodes
to be considered as candidate nodes and to reduce the number of triangles to
be compared after a new spawn would hold the promise of substantially improv-
ing execution time.

25. The procedure of successive shells is basically an extension of the
concepts employed to accommodate noncontoured regions. Imagine some (any)
closed convex shape to be superimposed onto a set of nodes. If only the nodes
which lie within or on this convex figure are used to form a triangle mesh, it
is assured that the convex shell around the resulting mesh will be entirely
enclosed by the imagined convex shape. It is also assured that none of the
remaining nodes will lie between these two convex boundaries. Then imagine
another convex shape that surrounds the first to be superimposed over the
nodes. If triangles are then spawned from the first shell (exactly as was
done for expanding the mesh about a noncontoured region) the result will be a
second convex shell that is encompassed by the newly imagined convex shape.
This procedure may be repeated with successively larger imagined convex shapes
until all ot the nodes are encompassed. Figure 10 illustrates the concept.
The triangles labeled "a" were spawned within boundary 1. The heavy line is
triangle shell #1. The triangles labeled "b" were spawned from shell #1 and
produced shell #2. It is obvious that the procedure may be repeated to

include all nodes.
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Figure 10. Spawning with successive shells

26. McCON is programmed to use the procedure of successive shells
whenever the total number of node points is in excess of 180. (A mesh formed
with 180 nodes requires approximately 45 sec for triangle generation.)
Concentric circles are used as the (imagined) convex shape to build successive
shells. The centers of these concentric circles are located at the mid-point
of the minimum and maximum coordinates of the nodes. The radius of each
successive shell is determined by requiring that at least a certain number
(currently set to 60) of nodes are contained within each shell. If a non-
contoured region is also specified, the center of the concentric circles is
located at the mid-point of the nodes specifying the noncontoured region; the
distance from the center to the furthest specified node on the noncontoured
boundary is computed, and the first successive shell contains all of the nodes
lying within that computed distance from the center.

27. The procedure of successive shells gave a tremendous reduction in
execution time for two reasons. First, the number of nodes to be examined as
candidate nodes was reduced to approximately 60. Second, it was no longer
necessary to examine every previously spawned triangle to check for shared
edges. Since each successive shell is convex, it is assured that as triangles
are spawned within any given shell, that edges can only be shared with
triangles within or outside of the previous shell. The successive shell
procedure resulted in an execution time that is proportional to the number of
nodes rather than to the square of the number of nodes.

28. The successive shell procedure does have the disadvantage that
"peculiar" triangles may be generated at the sheli boundaries. This may
result in some unwarranted "waviness" in contour line drawing. Therefore, in

the event that the contour plots are being directed to a plotter, the number
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of nodes per spawning cell is set such that it never exceeds one-half of the
number of nodes available for triangle generation. This increase in the
number of nodes per cell will lead to an increase in execution time. However,
since most plotters draw so slowly (compared with drawing lines on the
screen), the execution time increase will not be particularly noticeable.
Contour plots sent to a plotter will (for large numbers of nodes) generally be

of a higher quality than screen plots.

Contouring Nonconvex Areas By Composite Fragments

29. The triangle mesh generation criteria will always result in the
data points being surrounded by a unique convex boundary. This boundary is
generally adequate for topographical applications. However, if contour plots
are desired for applications such as stress analysis, the regions in which
meaningful contours may be drawn are often limited by the physical shape of
the object being stressed. These physical regions often do not yield a convex
shape which conforms to the physical boundaries. Any nonconvex shape may be
subdivided into two or more shapes which are convex. McCON provides an option
to restrict contour drawing to an internal convex region. This option is
similar, but opposite, to the option to prevent drawing in a noncontoured
area.

30. Figure 1la shows the contours of the shearing stresses within an
embankment and its foundation. (The small crosses or tics on the drawing
represent the location of the data points. The outline of the embankment and
foundation was drawn using the "template" option). Contour lines are drawn
outside the embankment boundaries because the generated triangle mesh (shown
in Figure 11b), which must result in a convex shape which encompasses all of
the data points, contains triangles beyond the physical boundaries. It is
obvious that the contour lines drawn through "space" are not desirable.
Figure llc shows the contours within the foundation. These contours were
created after restricting contour drawing to the convex region formed only by
the data points within the foundation. (The use of the option to restrict
contouring to a specific region required that the user, by use of the movable
screen "cursor", identify the four data points at the corners of the founda-
tion.) The triangle mesh is shown in Figure 11ld. Figure lle shows the

contours which resulted from restricting contour drawing to be entirely within
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the upper portion. The triangle mesh for the embankment portion is shown in
Figure 11f. A composite drawing, as shown in Figure 1llg, may be produced by
first contouring the lower portion and then, without removing the paper from

the plotter, contouring the upper portion.

Handling Discontinuity Or "Fault" Boundaries

31. The preceding discussion demonstrates that the parent region, which
is defined by all of the data points, may be broken into any number of convex
regions simply by identifying which internal data points are along convex
boundaries of the subregions. A composite contour drawing may then be
produced. McCON also provides a variation of the above option for specifying
the location of connected lines which indicate where a contour discontinuity
is expected. For example, if the trend of a geologic "fault" is known, then
it would be expected that the elevation of the top of a given formational unit
(e.g. top of limestone) would be discontinuous across the "fault" (i.e.,
contour elevations should not be interpolated between data points that are on
opposite sides of the "fault"). The use of this option requires that a data
file be previously prepared. This data file must contain x,y pairs (one pair
per data file line) which define the "fault" location. If there are more than
two X,y pairs (more than one line), then the lines which connect the x,y pairs
(in the order given) must form a convex shape always turning in the right-hand
direction. (The "fault" line may not have "switchbacks.")

32. Additional nodes (which are displayed on the screen) are created at
regular intervals along each "fault" line segment. The contour plot may then
be created as a "composite”" plot. First, invoke the option that contours are
restricted to be within a convex area. Only the nodes situated on the right-
hand side of the x,y pairs (from the "fault" data file) will be used to define
the contour plot. The elevations of the additionally created nodes along the
"fault" line(s) are computed using Equation 2 (with the Z; restricted to
points within the contoured area). Then, a second contour plot is prepared by
invoking the "noncontoured region" option. The non-contoured area will
consist of the nodes on the right-hand side of the "fault."” The elevations of
the additional nodes are computed with the Z; restricted to points outside the

non-contoured area.
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33. Figure 12 contains a series of drawings which demonstrate contour-
ing in the vicinity of a "discontinuity" boundary. The data represent water
table elevations on either side of a vertical impermeable boundary. Since
water cannot flow across an impermeable boundary, interpolation of elevations
across the boundary should be avoided. Figure 12a shows "all" of the nodes
used to form the triangle mesh (original plus "created" nodes). The solid,
bent line (which was drawn via the "template" option) is located along the
impermeable boundary. Figure 12b shows the contour plot which would result if
no "fault" boundary was prescribed. The contour lines are continuocus across
the "fault" boundary. Figure 12c shows the triangle mesh which resulted from
not including the "fault." The contour lines are discontinuous at the "fault”
boundary, but are continuous beyond the ends of the "fault" line as shown in

Figure 12d. The mesh for the "fault" boundary case is shown in Figure 12e.

Profiles

34. After a triangular mesh has been formed, it is a relatively simple
process to create an "elevation" profile along any section of the mesh. The
X,y location coordinates and the z value (elevation) for the vertices of each
triangle is then known. After the user specifies the beginning and ending
locations of the ends of the profile section, McCON computes the x,y location
of numerous (one location every 5 screen units) profile points along the
section. Equation 1 is applied to locate the triangle in which the profile
point lies. The elevation, z, to assign to each profile point is computed by
assuming that the elevation of any point within any given triangle is given
by:

z = ax + by + ¢ (3)
where the constants a,b, and c¢ are found by substitution of the known values
of x,y, and z at the three vertices of the triangle in which the profile point
lies. The profile drawings may either be superimposed directly on the contour
plots as shown in Figure 13a, or the (same) profile may be produced as a
separate drawing as shown in Figure 13b. Several profiles may be produced at
one time via the "GRID" option of McCON. Examples of multiple profiles are

shown in Figure l4a and Figure 1l4b.
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35. The user may also create a "mesh" file following completion of a
triangle mesh. The "mesh" file may be used to create additional contour plots
and profiles without having to again go through the process of mesh genera-
tion. The user’s guide (Appendix A) gives complete instructions for the use
and application of McCOM.
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APPENDIX A - USER'S GUIDE FOR MCCON

A floppy diskette containing the executable (MICRO1.EXE and MCGRID.EXE) and
Fortran source language (MICRO1.FOR, MICRO2.FOR, MICRO3.FOR, MICRO4.FOR, and
MCGRID.FOR) programs is attached to the inside back cover of this report. A
batch file {(MCCON.BAT) which calls the programs into execution and a
demonstration data file (MCDEMO.DAT) is also included. To utilize the dis-
kette, follow these steps:

. At the C: prompt create a new directory (e.g., enter MD\CONTOUR).
Get into the new directory (i.e., enter CD\CONTOUR).

. Insert the diskette into the floppy drive (presumably the A drive)
Enter COPY A:* x

Enter INSTALL (the programs will be installed on the hard drive).
Remove the diskette and return it to the storaage envelope.

Enter MCCON to execute the programs.

SO B W N

Note: The demonstration data file, MCDEMO.DAT, may be executed by
simply entering a carriage return at all program prompts (with
the exception of entering a "Y" when requested at the outset
of the actual contouring activity).

The contouring programs are brought into execution by entering "MCCON". The
MCCON command first issues the command, MCGRID, which requests the name of the
(separately prepared) data file which contains the pertinent information and
performs certain enhancements, if requested, on the data. A file named
MAP.DAT is always created upon the exit from MCGRID. The MCCON command then

issues the command MICRO1 which accesses the MAP.DAT file and performs the ac-
tual contouring functions. You may (at the C: prompt) enter MCGRID (to

prepare a new MAP.DAT file) or MICROl1l (to operate on the current MAP.DAT file)
directly from the keyboard if desired.

All of the program queries listed below may be answered by a default (DEF)
response, (i.e., simply by a carriage return). The default for ALL Y/N
queries is N (no). The following instructions give the default response,
where applicable, for other than Y/N queries.

Audible beeps issued by the program indicate that a carriage return must be
entered to cause the computations to proceed.

The numbers 1in parentheses (e.g. (1.01)) refer to the questions asked during
execution of the contouring programs.

o DATA INPUT ACTIVITY..(1.01 THRU 1.16)..

(1.01) THRU (1.06) RELATE TO THE MANNER IN WHICH THE INPUT
DATA FILE IS TO BE INTERPRETED. THE MCGRID PROGRA!M ISSUES THESE FROMPTS.

(1.01a) ENTER (ORIGINAL) DATA FILE NANE (DEF=MCDEMO.DAT): Execution of the
programs requires that an ASCIT data file containing the X and v coordinates

P

and the z {(elevation) values of each of the points be separately prepared.
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This file may be created via an editor or by another program. Each line of
this file must contain (as a minimum) one set of x,y, and z. The x and y
coordinates may be given in a random order. Multiple z values may be included
on a line. The order of the x,y., and z values is arbitrary; however they must
be in the same order on each line within a given file. The default response
will access an example data file (MCDEMO.DAT). This file may be treated
either as a "free-field" file or as a "columnar" file (see (1.01b)).

(1.01b) IS FILE "FREE-FIELD" OR “"COLUMNAR" (F(DEF) OR C ?: The data file
structure may either be "free-field" or "columnar". If the file is
"columnar", the data columns must be "right-justified". The program will ex-
amine the input data file and produce a series of "X's" to denote the columns
as shown in the following example.

(1) (2) (3) (4) (5)
XXXXXX XXXXXX XXXXX XXXXXX XXXXXXX (computer made heading)
1043.2 653.4 198.4 156.43 234.54 (1st line in data file)
986.3 1785.3 67.4 1245.52 (2nd line in data file)
ete. .. S cen e e {etc. .. . .. )

Presume that Column (1) is x, Column (2) is y and Columns (3}, (4), and (5) are
z values. If a value is missing (e.g 2nd line Column (4)}), then any contour-
ing operation (see (1.07) thru (1.13)) which involves such a missing value
will cause the entire line to be ignored (i.e. the information in the line
will be used provided that the operations do not involve a missing field).

"Free-field" files are characterized by separating the numbers by one or more
spaces or by commas or by /'s. The sample data file above, could, in free-
field format be represented as:

1043.2,653.2, 198.4, 156.43,234.54
906.3,1785.3,67.4,,1245.52

or by

1043.2 653.2 198.4 156.43 234.54
906.3 1785.3 67.4,,1245.52

If any data element is missing in a free-field file (signified by ¢(,,)) then
the element is interpreted as "0.0"; - not as a "missing" bit of information.
ALL data in a "free-field" data file MUST BE NUMERIC.

A "columnar" data file is recommended since this form provides for data
manipulations that are not possible with a "free-field" file.

(1.02) NANT INVERSE POWER GRIDDING ? (Y/N): This option is provided so that
the (random) input data points may be manipulated to create a regular rectan-
gular grid of data points. A 13X13 (15X15 1if the border described under
(1.05) is retained) point grid is created. The z values (or elevations) of
the grid points are computed by the formula:
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j J
21 =X [25/(d14)2) / X [1/(d1y)°) for all dsy # O
1 1

21 = 2y for any diy = 0

where Z; is elevation at the grid point i,
Zsy are the elevations at the given original points, j,
dijy is the distance between point i and j,

and Q is an exponent chosen by you (usually 2).

The effect of imposing inverse power gridding is to smooth the data. This op-
tion should probably be used for cases where the original data points tend to
cluster. If good spatial coverage exists, this option is not recommended.
Also see (2.32) below for an alternate method for data smoothing.

(1.03) WANT ORIGINAL DATA POINTS "AS IS" ? (NO FILLING

oUT TO EDGE OF PLOT) (Y/N): The default (N) will cause a rectangular
border (which just surrounds the original data points) of points to be
created. The elevations (z) of the points that are created and lie on the
border are computed as discussed in (1.02) above. Generally, the addition of
these fictitious points will cause a more pleasant appearance to the contour
plot. A "Y" response will result in leaving the data points "as is", without
any border enhancements. The query for this option is not in effect when in-
verse power gridding is invoked.

(1.04) ENTER VALUE FOR Q (POWER FOR INVERSE FITTING) DEF=2: The Q value
defined under (1.02) is to be supplied to this query. This query is invoked
only when inverse power gridding is selected. Higher Q values will cause the
elevation at a grid point to be more closely related to its nearest (original
data point) neighbor. The closer neighbors should indeed have more weight in
determining the assignment of a grid point elevation, but within reasonable
limits; therefore a good value to select is "2" (the default response).

(1.05) REMOVE APRON FROM AROUND DATA POINTS ? (Y/N): The default (N) will
cause a rectangular apron to be placed around the original (or, when invoked,
inverse power gridded) border (1.03). No original data points will then lie
on the extreme edge of the contour plot. The elevations of the fictitious
border points are computed as described under {1.02). A "Y" response will
cause the border to NOT be generated.

(1.06) DO NOT HONOR ORIGINAL DATA POINTS ? (Y/N): The default (N}, will, when
inverse power gridding is selected, retain the original given data points in
addition to the gridded points. The default response is usually recommended
since inverse power gridding tends to "chop-off" the pcaks and valleys. A "Y"
response will not add the original data points to the gridded points (i.e.,
the original data points are deleted).



{1.07) THRU (1.14) RELATE TO THE IDENTIFICATION OF THE DATA ELEMENTS.
The following discussion refers to the sample”columnar" data file below.

1 2 3 4 56 1 8 9
XXXXX XXXX XXXX XXXXXXX X XXXXX XXXXX XXXXX XXXXX
24-A1 6226 3756 5150.23 D 14.54 13.50 23.22

24-A2 6444 3890 5160.34 D 15.43 23.45 16.45 15.34
24-A3 6489 3967 5170.33 A 17.34 24.44 13.23

24-A1 6226 3756 5150.23 D 23.22 12.80
25-A1 6422 4201 5180.33 A 14.54 12.32 15.44 13.34

... etc.

Column 1 may be thought of as the borehole label, Column 2 as the
y coordinate, Column 3 as the x coordinate, Column 4 as the ground
surface elevation, Column 5 as the aquifer identifier, and

Columns 6-9 as depths to the water surface on different dates.

(1.07) WHICH COL IS THE "IDENTIFIER" (0 IF NONE, DEF=0): The computer screen
will show the first few lines (as above) of the input data file. You may
select the column, if any, which is to be used as an identifier (i.e. the
borehole label column 1 above). If there is no column containing such infor-
mation, enter 0. If you do select a column as being the identifier column,
then in the event that the same identifier number is repeated within the file,
only the applicable information contained in the last occurrence is retained.
For example, borehole 24-A1 is repeated. Therefor, the information associated
with the second entry will be used for any operations involving Columns 8 or 9
and the first entry will used for any contouring operations restricted to
Columns 1 thru 7. This option applies only to "columnar" data files. Al-
phabetic data may be contained in the "identifier" column.

(1.08) WHICH COL IS THE "SELECTOR"” ? (0 IF NONE, DEF=0): A data file may be
prepared that contains multiple sets of data to be separately contoured
provided that the file contains a column that identifies the different sets.
In the above sample data set, Column 5 is the "selector" column. If one were
contouring the ground surface elevation, then a choice of "0" to this query
would be proper. If one were wishing to contour the depth to water within a
single aquifer, then the proper response would be "5". This option applies
only to "columnar" data files.

(1.09) ENTER SELECTOR "KEEP VALUE" (DEF=0): This query appears only if you
have responded with a non-zero answer to (1.08) above. Enter the characters
which identify which data set you wish to contour (i.e., for the example, en-
ter a "D" or an "A").

NOTE: The next four queries (1.10 thru 1.13) have default
responses that anticipate that the original data file
has only one x, y, and z triplet (in that order)
entered as the first items on each line.
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(1.10) WHICH COL IS "X" ? (DEF=1): Enter the number of the column which con-
tains the x coordinate (i.e. "3" in above example).

(1.11) WRICH COL IS "Y" ? (DEF=2): Enter the number of the column which con-
tains the y coordinate (i.e., "2" in above example).

(1.12) WHICH COL IS Z1 ? (-) SIGN IF DESIRED (DEF=3): You may contour the
value of a single column in the data file or the sum or difference of any
columns. A (-) sign before the column number indicates a subtraction opera-
tion. Suppose that it is desired to contour the elevation of the water table
surface on the date associated with Column 7. Then a response of "4" is
proper at this time as this will initially set 2z to the ground surface eleva-
tion.

{1.13) WHICH COL IS Z2 ? (FOR Z1+ OR - Z2) OR O(DEF) WHEN DONE: Enter the
number of the column (preceded by a "-" sign if necessary) which is to be
added or subtracted to Z1. A "0" response signifies that no further data
manipulations are wanted. To contour the water table surface on the date as-
sociated with Column 7, the proper response would be "-7" (i.e. contour (4)-
(7)). This query will keep repeating (up to 5 times) until a "0" response is
entered.

(1.14) ENTER NEW CHECKING DISTANCE IF DESIRED (DEF=7): The data are checked
to see if any points are at or near the same coordinate locations. If any
points are closer than (what will ultimately be) the specified (default=7
screen units}) checking distance, the points are combined into a single data
point at the average elevation of the affected points. Points which have
identical coordinates are combined regardless of any specified checking dis-
tance. The default value of 7 is recommended.

(1.15a) ENTER MULTIPLIER FOR Z (RETURN IF HAPPY): Following all data calcula-
tions, the minimum and maximum z values are displayed on the screen. You may
multiply all of the z values by the constant you supply. The default is 1.0.

(1.15b) ENTER MULTIPLIERS FOR X AND Y (RETURN IF HAPPY): The minimum and max-
imum x and y values (and their differences) are displayed on the screen. To
change these values, enter a pair of constants (positive or negative,
separated by a comma or space). All x and y coordinates will be multiplied by
these constants. A negative multiplier will invert the (indicated) axis. The
default response (1.0,1.0) will cause a file named MAP.DAT (which contains the
X,y, and z values of the points to be contoured) toc bs created (or replaced)
and execution to be transferred to the contouring activity.

(1.16) WANT NORMAL(N) OR FINE(F) INVERSE POWER DISTANCE

GRIDDING (DEF=N) ? (F OR N): The default (M) response will generate a
13X13 point rectangular grid of points (see 1.02). The elevations of those
points are computed by inverse power distance averaging. A response of "F"
will cause a finer mesh to be created. The square of number of points on an
edge of the grid plus the number of original points (if retained) will be set
up to, but not exceeding, 999 points.
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o CONTOURING ACTIVITY..(2.01 THRU 2.44).. PROGRAM MICRO1 ISSUES THESE PROMPTS.
(2.01) THRU (2.20) REQUEST INFO TO PREPARE THE CONTOUR PLOT

(2.01) ENTER DATA FILE NAME. FIRST DEFAULTS TO 'MAP.DAT’
THEN TO LAST FILE NAMED.
OR ENTER 'TRIPLE’ TO RE-CONTOUR A TRIPLE TRIANGLE MESH
OR ENTER ‘*D(raw)‘ TO DRAN A PREVIOUSLY SAVED PROFILE
OR ENTER °'*M(ake)' TO CREATE A PROFILE FROM A PREVIOUSLY
GENERATED AND SAVED MESH
OR ENTER °'*G(rid)' TO DRAN GRID BOX PROFILES (A MESH MUST
HAVE BEEN PREVIOUSLY SAVED)
OR ENTER '*R(econ) ‘' TO REDRAN THE CONTOURS FRONM A
PREVIOUSLY SAVED MESH.
OR ENTER 'S’ TO STOP: Enter a file name or one of the following.
(1) A carriage return will default to the file MAP.DAT which is normally
created during the previcus phase of program execution. (2) If you are re-
contouring a "triple triangle mesh"” (see 2.32) enter "TRIPLE". (3) A response
of *D (see 2.23) will enable you to re-draw a previously generated and saved
profile (see 2.26). (4) A response of *M will enable you to create new
profiles from meshes that have been previously saved (see 2.21) without having
to re-generate the contours. (5) A response of *G (see 2.41) will provide a
means to generate multiple profiles (horizontally and vertically) on the same
drawing provided you have previously saved a mesh. (6) A response of *R (see
2.24a) will redraw the contours provided you have previously saved a mesh (see
2.21). The contour intervals may be changed. (7} An "S" response exits
McCON.

(2.02) ENTER COLOR FOR LINE WORK (DEF=YELLOW): The default color for line
drawing on the screen is yellow. Permissible responses are 'RED’,
'BLUE', 'WHITE', 'CYAN', 'GREEN', 'YELLOW', 'BLACK', or 'MAGENTA'.

(2.02) ENTER BACKGROUND COLOR (DEF=BLACK): Same as above for background color.

(2.03) ENTER 1 OR 2 NHERE 1 IS FOR SMOOTH CONTOURS (DEF=1)

AND 2 IS FOR SHARP CONTOURS: The default is 1. A
response of 2 prevents smoothing of the contours. This response would be ap-
plicable for contouring graded terraces, or embankments and the like.

{2.04) ENTER 1 FOR SCREEN. 2 FOR PLOTTER (DEF=1).: The output may be directed
either to the screen or to a plotter.

(2.05) ENTER SIZE REDUCTION FACTOR (DEF=100)

(NUMBER BETWEEN 1-100): Drawings directed to the plotter may be
reduced in s$ize as a proportion to the number selected. A response of 100
will give full sized page drawinas.

(2.06) PAPER SIZE ? ('A'=SMALL, ‘B'=LARGE) (DEF=A): This program is designad

to drive small flatbed plotters. An "A" respcnse means to plot on 8.5 inch by
11 inch size paper. "B" indicates 11 inch by 17 inch paper. Depending on the
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configuration of your plotter, you may also need to set plotter "switches" for
different paper sizes.

(2.07) WANT PLOT IN SINGLE COLOR ONLY (Y/N):Multiple-pen plotters may be set
to draw using different pen colors. However, if you are preparing plots to be
reproduced in monochrome, you may wish to respond "Y".

(2.08) THE ABOVE ARE USED TO CHOOSE A SCALE TO FILL THE SCREEN.

NANT TO CHANGE THESE VALUES ? (Y/N): The program computes (and
displays) the minimum and maximum X and y coordinates of the data points. A
scale is then automatically computed such that the resulting contour plot will
"fill" the screen. A response of "Y" to this query will enable you to change
the scale. This option may be important if you are planning to produce
several drawings which you wish to be to the same scale. If you respond "Y",
you will be queried to supply new minimum and maximum x and y limits.

(2.09) DO YOU NANT TO DESCRIBE AN INTERNAL CONVEX AREA

TO CONTAIN ALL CONTOURING ? (Y/N): A "Y" response indicates that you
want to restrict the area in which contours will be drawn. The location of
all of the original plus grid plus border points will appear on the screen.
The following question (2.10) will then be asked.

(2.10) ENTER # OF POINTS TO DESCRIBE AREA (DEF=0)

OR ENTER NAME OF A "FAULT" FILE: Three or more points are required to
describe the area. The default "0" will skip to query (2.12). A numeric non-
zero response will cause query (2.11) to be asked. If you respond with a file
name (of a previously prepared "fault"” file) that file must consist of a
series of x,y pairs (in the same units as the original data) which define a
boundary to "cut" through the original (plus gridded) points. The order of
the x,y pairs (one pair per data file line) must be such that the original
(plus gridded) points one wishes to retain are on or are to the right-hand
side of all the lines connecting (in order given) the X,y pairs. The bound-
aries defined by the X,y pairs are not required to “close". New "fictitious"
points are generated (and displayed on the screen) at regular spacing between
the x,y pairs. The elevation (z) of these "fictitious" points are computed
via the inverse power equation (1.02), but only the "retained " points are
used to make the estimate. The normal use for specifying a "fault" file is
to break the contour plot into two areas. The first area is contoured by
specifying that there is an "area to contain all contouring" (2.09) and then
using a "fault" file to define this area. The contour plot will then consist
of contour lines drawn up to the boundary defined by the x,y pairs. The
elevations at the "fictitious" points along the boundary are estimated using
only the elevations of the points within the "area to contain all contouring”.
The output should be sent to the plotter. Then the second area is contoured
by specifying a "non-contoured area" as described by (2.12) below. Specify-
ing the same "fault" file will result in a another contour plot in which the
contour lines are only drawn outside of the "non-contoured area" (i.e., within
the region excluded from the first area). The elevations along the (same)
boundary points are estimated using only the elevations of the points outside
of the "non-contoured area”. Again, the output should be sent to the plotter,
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but do not replace the paper. Generally, the composite contour plots will be
discontinuous across the "fault" boundaries.

(2.11) DESCRIBE AREA BY POSITIONING CURSOR AT LOWER LEFT OF
POINTS (IN A COUNTERCLOCKWISE MANNER) AND PRESSING "A".

(CURSOR IS MOVED NITH ARROW KEYS OR -,6,<, AND > KEYS.

---THE -,6,<. AND > KEYS GIVE FINE MOVEMENT): Proceed around the
required area in a counterclockwise fashion by placing the cursor just to the
lower left of each of the points which will define the area. You will see a
cross appear at the selected points after striking "A" at each point.

(2.12) IS THERE A NON-CONTOURED AREA (Y/N): A "Y" response will let you
proceed to describe an internal convex area in which no contours will be
drawn. Queries (2.10) and (2.11) will follow a "Y" answer.

(2.13) ENTER BEGINNING CONTOUR, CONTOUR INTERVAL, HEAVY LINE

INTERVAL & NO. CONTOURS. (0 MEANS SPAN RANGE OF ELEVATIONS):

OR ‘N’ FOR NO CONTOURING (DEF=AUTO) (H FOR HELP) —-->: The minimum and
maximum elevations are shown on the screen. You choose the beginning contour
elevation, the contour interval (either as a positive or negative value), the
"heavy line" interval, and the number of contour lines to be drawn. The
"heavy line"” interval must be a multiple of the contour interval. These
"heavy" lines will plot in a different color on the video screen or be drawn
as thick lines on the plotter. A zero entry for the number of lines to be
drawn is interpreted to mean that contour lines will continue to be drawn
starting at the beginning contour value, incrementing by the contour interval
until the range of elevations is spanned. For example, presume that the
screen shows that the minimum elevation is 138 ft. and the maximum elevation
is 243 ft. A response of 140,10,50,0 would cause the 140, 150, 160, ..230,
and 240 (ft.) contours to be drawn. The 150 and 200 ft. contours would be
"heavy." A response of 154,2,10,10 would result in the 154, 156, 158, ..170,
and 172 (ft.) contours to be drawn with the 160 and 170 ft contours to be
"heavy." A response of 200,2,2,1 would result in only the 200 (ft.) contour
to be drawn. The default response will result in automatic scaling. The con-
tour interval will be set to be evenly divisible by 2,4,5, or 10 and the num-
ber of contours not to exceed 13. The default response would cause the 140,
150, .. 240 (ft.) contours to be drawn.

(2.14) LEAVE BOUNDARY OF CONTOURED REGION UNDRAWN ? (Y/N): The default (N)
will cause the lines which define the convex outer boundary of the data points
to be drawn. All contour lines lie within this boundary. A "Y" response will
result in no drawn outer boundary and the contour lines will be left
"dangling"” at edges.

(2.15) DO YOU WISH TO DRAN A TEMPLATE ? (Y/N): This option provides a way to
enhance the resulting contour plot with some "art-work". If a "Y" response is
given, the following query will appear.

(2.16) ENTER TEMPLATE DATA FILE NAME (DEF=TMNPLT.DAT): Enter the name of the
file which contains the information to draw the "art-work". This file (which
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must be previously prepared) consists of a set of x and y coordinates (in the
same units as the original contour data) along with an indicator to raise and
lower the pen. If the file looked like:

100 100 1
100 150 1
200 150 -1
300 200 1
300 500 -1

a line would be drawn from (100,100) to (100,150). Another line would be drawn
from (100,150) to (200,150). The pen would then be raised (the -1 means go to
the next coordinate with pen up; a 1 means pen down) and positioned at
(300,200). A line would then be drawn from (300,200) to (300,500). This op-
tion provides a way to add physical features (such as building locations) to
the drawing.

(2.17a) WANT TO SEE ELEVATIONS PLOTTED ? (Y/N): A “Y" response will cause the
z values (elevations) to be printed on the drawing. If the data points are
close together, the drawing may become cluttered when this option is used.

(2.17b) WANT LABELS PLOTTED? (Y/N): A “Y" response will cause the labels (or
identifiers), if any, of the original data points to be printed on the draw-
ing. Again, the drawing may become cluttered if the data points are close
together.

(2.17c) LEAVE X-Y AXES ANNOTATIONS OFF ? (Y/N): The X and Y axes may be
labeled with tic marks and coordinate values if desired. The coordinate
values which are printed are automatically calculated as "nice" numbers.

(2.18) LEAVE ELEVATION TIC'S AT DATA PTS OFF TOO ? (Y/N)

(ENTER ‘A’ TO INCLUDE GRID POINTS ALSO): The default (N) causes small
crosses (tic's) to be drawn at the location of the ORIGINAL data points. A
"Y" response will cause the tic's to remain undrawn. A response of "A" will
cause the ORIGINAL PLUS ADDED DATA POINTS tic's to be drawn.

(2.19) ENTER TITLE OF PLOT-- (IF NONE, HIT RETURN): The title of the plot (if
any) will be printed on the drawing.

(2.2P; SKIP LEGEND ? (Y/N): The contours lines 2-e labeled "A", "B", etc..
The T.egend (which will be printed on the right margin of the contour plot)
lists the numerical value of the labels.

{2.21) THRU (2.44) RELATE TO OPERATIONS FOLLOWING THE
COMPLETION OF THE TRIANGLE MESHES AND THE PRODUCTION OF
THE CONTOUR PLOTS.

(2.21) DO YOU WANT TO SAVE THIS MESH (SO THAT YOU MAY

LATER DRAW OTHER PROFILES) ? (Y/N): This query occurs after the con-
touring is completed. A response of "Y" will let you save certain results of
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the mesh generation which will enable you to later rapidly create profiles
along any section of the mesh. If "Y" is the response the following question
appears.

(2.22) ENTER A FILE NAME IN WHICH TO STORE THE MESH.
(DEF=M_MSH): Choose a file name in which the mesh generation data

will be stored. The default file name is M.MSH.

(2.23 WANT TO DRAW A PROFILE ? (Y/N): A “"Y" response indicates you wish to
create a profile of the elevation data from some given point to another point.
This query will occur following the completion of a contour plot or as a
result of the *M(ake) option discussed under (2.01). Further questions about
the nature of the profile will ensue.

(2.24a) WANT TO REDRAW THE CONTOURS ? (Y/N): A "Y" response will permit the
contours to be redrawn (provided a "mesh" was previously saved). The contour
interval may be changed if desired.

(2.24b) WANT THE VOLUME UNDER THE MESH ? (Y/N): The volume of the space con-
tained between some reference elevation (next query) and the contoured eleva-
tion for the entire mesh area may be computed. The units of the volume are in
terms of the units implied in the original data file.

(2.24c) ENTER REFERENCE °'BASE’ ELEVATION (DEF=0.0): The minimum elevation of
all data points is shown on the screen. Enter the elevation you wish to be
used as the reference for volume calculations. The default response will
cause an elevation of 0.0 to be used as the reference. After the profile is
drawn, the volume will be printed at the bottom of the drawing as will the
area of the mesh and the average elevation (the average elevation is the
elevation which, if used as the reference elevation, would give a volume of
zero) .

(2.25a) ARE PROFILE LINE ENDPOINTS TO BE LOCATED WITH THE CURSOR (C)

OR FROM A NAMED FILE (F) ? (DEF=C): The endpoints of the profile line
may be located either by positioning the crosshair cursor or by supplying the
(x,y) coordinates of the two ends. If the response is "C" (for cursor),
queries (2.25b), (2.25c) and (2.25d) will be issued. If the response is "F"
(for file), you will be asked the name of a one line file containing the x-y
coordinates of the endpoints (i.e., X1,y1 - Xz2,Y2) or you may respond that the
file name is CON (for conscle) and directly type in the endpoint coordinates.

{2.25b) WANT CURSOR TO INDICATE NEAREST (TO UPPER RIGHT)

DATA NODE POINT ? (Y/N): The data node points will be displayed on
the screen. A "Y" response will cause the location of profile endpoints to be
positioned exactly on the node point located closest {(to the upper right) of
the crosshair cursor. A "N" response will position the profile endpoints at
the position of the crosshair cursor.
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(2.25c) POSITION CURSOR AT 1ST END OF PROFILE LINE AND HIT RETURN

..USE <,>, ",AND 6 KEYS TO 'FINE' POSITION CURSOR: Position the cursor
at one end of the line defining the section along which you want a profile.
Move the cursor with the "“arrow" keys or, for fine movement, with the ¢,>,",
or 6 keys. Strike the "return" key when cursor is properly located.

(2.25d) POSITION CURSOR AT 2ND END OF PROF. LINE AND HIT RETURN: Same as
above except to locate other end of profile line.

{(2.26) Want profile (D)rawn on this plot, sent to

(F)ile or (B)oth ? (Enter D,F or B) DEF=D: When this question is
asked, a plot of the data points will be visible on the screen. A response of
"D" will cause the profile to be drawn {after a question regarding the scale
of the drawing) directly on the current plot skewed along the positions 1indi-
cated via query (2.25a). A response of "F" will send the profile data to a
file (which is named by (2.27). Profiles saved via the "F" response may be
drawn later by responding *D{raw) to query (2.01). A response of "B" will
cause both actions ("D" and "F") to occur.

(2.27) ENTER A FILE NAME (DEF=D.PRO): Enter a file name in which to store the
profile data. The file name entered here will be required by the *D(raw)
response to query (2.01).

(2.28) ENTER A ONE L.TNE DESCRIPTION: The description you enter will be
retained in the file named above (2.27) and will, when the profile is redrawn
via the *D(raw) response to (2.01) be printed at the top of the drawing. If
no description is desired press the "return" key.

(2.29) ENTER SECTION LABEL (LIKE A FOR A-A): The section label you enter will
be retained in the file named by (2.27). This label will also be placed at
the ends of the profile section on the drawing showing the data point loca-
tions.

(2.30) ENTER Y-AXIS LABEL (DEF=ELEVATION): When the profile is redrawn via
the *D(raw) response to (2.01) this description will be printed as the label
of the "elevation" axis.

(2.31) ENTER YOUR MIN AND MAX PROFILE ELEVATIONS

(DEF=MIN AND MAX ELEVATION OF ALL POINTS ON PLOT) : The minimum and
maximum elevations for the all data points within the entire mesh and along
the profile line are shown on the screen. The values you chose will influence
the "scale' of the resulting profile.

(2.32) WANT TO GENERATE A TRIPLE TRIANGLE MESH ? (Y/N): This option provides
yet another method to "massage" the original input data (i.e. an alternate to
the inverse power scheme discussed under (1.02)}. All contouring is ac-
complished by creating a mesh of triangles which connect every data point
{(original plus grid points if any). The effect of a positive response to this
query s to add a (fictitious) data point at the centroid of each of the "old"
triangles. A file named "TRIPLE" which consists of the old plus the
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“fictitious" points is created. When the program cycles back to (2.01) you
must respond with "TRIPLE" to create a new contour plot that considers the new
points. This option may also be used to refine "inverse power" grids. If the
response is "Y" the following question is asked.

(2.33) LINEAR OR INVERSE SQUARE RULE ? (L OR I) DEF=L: The elevation of the
centroid of the "triple triangles" may be computed in two ways. A "L"
response will compute the elevation, Zc, of the centroid via the equation,

Zc = a + bx + cy, where the constants a, b, and c are determined by substitu-
tion of the X, y, and z values at the nodes of the triangle containing the
centroid. A response of "I" will cause the centroid elevation to be computed
via the "inverse power" equation given under (1.02) using only the three
points which define the triangle. The default is "L".

(2.34) DO YOU WANT TO DRAN THE MESH OF TRIANGLES ? (Y/N): A response of "Y"
will cause the triangle mesh to be drawn.

(2.35a) WANT TO DRAW A PREVIOUSLY SAVED PROFILE ? (Y/N): This is the query
you will get by using the *D(raw) response to (2.01). Answer "Y" to create
page size profiles of “saved" profiles.

(2.35b) 1ST PROFILE OF A SERIES ON SAME PLOT ? (Y/N): More than one profile
may be drawn on the same plot. This option will provide a means to retain the
same scaling parameters for multiple profiles. Answer "Y" for the first
profile to be drawn; "N" responses from that time on will cause subsequent
profiles to be drawn on the same screen (or page).

(2.36) ENTER SAVED DATA FILE'S NAME (OR "Q" TO QUIT) DEF=D.PRO: Enter the
name of a previously saved "profile" data file or enter "Q" to return to query
(2.01).

(2.37) WANT THE PROFILE STRETCHED TO FILL THE PAGE ? (Y/N): The default
response (N) will let you draw this and subsequent profiles to the same
horizontal scale, i.e., if one profile is longer than another, the drawings
will also be of different widths. A response of "Y" will cause each profile
to fill the page width.

(2.38) ENTER YOUR ZMIN AND ZMAX (DEF=AUTO): The minimum and maximum eleva-
tions encountered along the profile section are shown on the screen. Enter
the values you wish to see as the minimum and maximum values for plotting pur-
poses. The default response will cause automatic scaling.

(2.39) HOW MANY Z UNITS PER PLOT INCH (DEF=AUTO): Enter the number of verti-
cal (elevation) units per (approximate) plot inch. The resulting plot may not
be more than 5 inches tall. An entry which would result in a plot in excess
of 5 inches will be rejected and this query will again appear. The default
response will cause antomatic scaling.

(2.40) ENTER NAME OF "MESH" FILE (DEF=M.MSH OR "Q" TO QUIT): This query will
result when responding either *M(ake) or *G(rid) to (2.01). Enter the name of
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the file in which mesh data was previously stored (2.22). The default will
assign "M.MSH" as the file name.

(2.41) WANT TO DRAW GRID BOX PROFILES ? (Y/N): This option permits the simul-
taneous creation and drawing of multiple profiles located within a rectangular
grid box of your choosing. A response of "Y" will cause a request for the
"MESH" (see 2.40) file. You will also be asked (see 2.41a) to describe the
box dimensions in which the profiles are to reside.

(2.41a) ENTER PROFILE GRID BOX ORIGIN OF COORDINATES, ANGLE OF BOX TO HORZ,
LENGTH OF BOX, & REIGHT. (X,Y,ANG,L,H)

OR ENTER °'S' FOR SAME AS LAST TIME (DEF=AUTO): Enter the coordinates of the
lower left corner of the box in which the grid profiles are to be drawn (in
terms of original data coordinates) , the angle the box makes with the
horizontal (usually 0), the length of the box and the height of the box. En-
ter 'S' to use same grid box as previous. The default response will generate
a box which fits inside the span of the data.

(2.42) WANT PARALLEL (TO BASE) OR NORMAL GRIDS ?

INPUT P OR N (DEF=P): Respond appropriately for the required set of
profiles. A response of P will cause the profiles to be drawn parallel to the
base of the grid box. A response of N causes the profiles to be drawn normal
to the base of the grid box.

(2.43) HOW MANY PROFILES ON TRE PAGE ? (DEF=11): Enter the number, n, of
profiles to be created. The profiles are evenly spaced with the 1st and last
profiles being drawn just slightly inside the appropriate edge boundaries of
the mesh. The default response of "11" will result in 11 profiles drawn
(horizontally or vertically) centered on the middle of the region. A series
of 'n' files will automatically be created (for further processing under the
*D main menu (see 2.01) option). These files are named with the same root as
the ?? .MSH file (see 2.41) with the extension .0P, .1P, etc., (for profiles
drawn parallel to the base of the grid and .ON, .1N, etc. for profiles drawn
normal to the base of the grid). That is, if the mesh file is named M.MSH and
5 profiles parallel to the base of the grid box are to be created, the profile
files will be named M.OP, M.1P, M.2P, M.3P, and M.4P. These files may then be
selected (see 2.36) to prepare individual profiles under the *D option (see
2.01).

(2.44) ENTER SCALE EXAGERRATION FACTOR (DEF=1.0): The default response (1.0)
w1ll result in the 'height' of the profiles to be about 1/2 inch (maximum).
The value of your response is used to cause an exaggeration to the height of
the profiles.
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